The LHCb experiment has opened the possibility to test mixing and CP violation in the charm sector with unprecedented precision thanks to the huge number of charm hadron decays collected, O(10 8 ). The first observation of CP violation in the decay of charm quarks in March 2019 has been a fundamental achievement. The latest LHCb measurements in the complementary sectors of mixing and time-dependent CP violation are illustrated in these proceedings. In particular, a new measurement of the CP violation parameter AΓ with 2015-2016 data that was presented for the first time at this conference is described. In the last section, prospects are given for the improvements in precision expected in the next few years.
I. INTRODUCTION
The charm-quark sector offers a unique opportunity to test the Cabibbo-Kobayashi-Maskawa (CKM) paradigm of CP violation (CP V ) [1] , since it provides access to operators that affect only up-type quarks, while leaving the K and B mesons possible unaffected. However, the smallness of the elements of the CKM matrix involved and the Glashow-IliopoulosMaiani mechanism suppress the expectations for CP V in charm at a level typically below 10 −3 [2] . Therefore, testing the Standard Model (SM) expectations for CP V in charm requires huge data samples, O(10 7 ) decays, that have become available only recently thanks to the large cc production cross-section at the LHC [3] and to the dedicated detector and trigger of the LHCb experiment [4] . This has set the LHCb experiment as the main player in this quest.
The LHCb collaboration announced the first observation of CP V in the decay of charm quarks in March 2019 [5] . However, the interpretation of this observation within the paradigm of the SM is controversial, since precise predictions are made difficult by low-energy quantum-chromodynamics effects [6] [7] [8] [9] . For this reason, further studies of charm decays are needed to clarify the picture. Measurements of mixing and time-dependent CP V in neutral charm mesons provide a test of the SM complementary to the measurements of CP V in the decay and might help in this regard. The most recent results from the LHCb collaboration in these two fields are presented in Sects. II and III, respectively. Section IV concludes summarising the prospects for the improvements in precision which are expected in the next few years.
II. MEASUREMENT OF THE MASS DIFFERENCE BETWEEN NEUTRAL CHARM-MESON EIGENSTATES WITH
The split of the masses (m 1,2 ) and of the decay widths (Γ 1,2 ) of the neutral-charm-meson eigenstates
, governs the oscillations of charm neutral mesons and can be conveniently parametrised through the mixing parameters x ≡ 2(m 2 − m 1 )/(Γ 1 + Γ 2 ) and y ≡ (Γ 2 −Γ 1 )/(Γ 1 +Γ 2 ). While the measurement of mixing with the two-body decays D 0 → K ± π ∓ led to the discovery of mixing in charm and provides the most precise measurement of the parameter y [10] , it supplies only limited information on the mixing parameter x, owing to the smallness of the difference between the strong phases of
− decays and to the large uncertainty with which this difference is measured [11] . On the contrary, the rich resonance spectrum of D 0 → K 0 S π + π − decays implies the presence of large strong phases that vary across the Dalitz plane and, consequently, provides good sensitivity to all mixing and time-dependent-CP V parameters. However, the decay dynamics of this three-body decay and the variations of the detector efficiency across the Dalitz plane as a function of decay time need to be modelled carefully in order to take advantage of this feature. This is expected to become more and more difficult as the size of the data samples increases, especially at a hadron collider like the LHC where the impact of the trigger on the acceptance is nontrivial.
Both these challenges are mitigated by the "bin-flip method" proposed in Ref. [12] , a model-independent analysis procedure optimised for the measurement of the parameter x. This consists in dividing the Dalitz plane into two sets of regions, symmetrically distributed with respect to its bisector m (Top) iso-∆δ binning of the
candidates in Ref. [14] .
Most acceptance and efficiency effects cancel in the ratio, greatly reducing the systematic uncertainties due to the limited precision with which they are known. However, the time-dependent ratios are still sensitive to mixing. In fact, the lower part of the Dalitz plane (m 
Finally, the mixing and CP V parameters are measured through a least-squares fit to the timedependent ratios of the yields in the bins symmetric with respect to the bisector of the Dalitz plane, simultaneously for all Dalitz bins, for the D 0 and D 0 candidates and for the π + -and µ − -tagged samples. In the fit, the strong phase differences are constrained to the values measured by CLEO [13] through a Gaussian penalty term and the mixing and CP V parameters are parametrised through the two complex parameters defined as z CP ±∆z ≡ −(q/p) ±1 (y +ix) [12] . The results are
where the first uncertainties are statistical and the second systematic (see Ref. [12] for the explicit expressions of x CP , ∆x, y CP and ∆y = A Γ as a function of x, y, |q/p| and φ ≡ arg(−q/p)). The systematic uncertainty on x CP is dominated by a 3% contamination of secondary D * + decays, where the D * + comes from the decay of a b hadron instead of from the pp vertex, for the π + -tagged sample, and by a 1% contamination of random associations of D 0 mesons with unrelated muons for the µ − -tagged sample. For y CP , the dominant systematic uncertainties come from neglecting the decay-time and m 2 ± resolutions and from neglecting the efficiency variations across decay time and Dalitz plot. Finally, asymmetric nonuniformities of the reconstruction efficiency with respect to the bisector of the Dalitz plot are responsible for most of the systematic uncertainty on ∆x and ∆y. This is the most precise measurement of the parameter x from a single experiment. The impact of the results on the world average of the charm mixing and CP V parameters is displayed in Fig. 2 . In particular, the new world average gives the first evidence that x > 0, i.e. the mass of the CP -even eigenstate of the charm neutral mesons is heavier than the CP -odd one, at the level of 3σ. [14] , presented in Sect. II, on the previous world averages of (top) charm mixing parameters and (bottom) charm CP V parameters.
III. MEASUREMENT OF THE CP
The time-dependent asymmetry between the decay rates of D 0 and D 0 mesons into Cabibbo-suppressed final state f = K + K − or f = π + π − can be written as
where A decay CP is the CP asymmetry in the decay, terms of order higher than one in time are neglected since the mixing parameters x, y are both < 10 −2 [15] and the parameter A Γ (f ) is equal to [22]
Here, φ f is defined as φ f ≡ arg[−(qA f )/(pĀ f )], where A f (Ā f ) is the decay amplitude of a D 0 (D 0 ) into final state f , and terms of order higher than one in the CP V parameters φ f , (|q/p| − 1) and A decay CP are neglected [22] . The last term in Eq. (2) gives a contribution of order of 1 × 10 5 [5, 16] and can be neglected at the current level of precision, approximately 3 × 10 −4 . A nonzero measured value of A Γ would thus be a clear indication of CP V in the mixing (|q/p| = 1) or in the interference between mixing and decay (φ f = 0). Neglecting non-tree-level diagrams in the decay, which give contributions of order |(V ub V cb )/(V us V cs )| ≈ 10 −3 [2, 17] , the angle φ f is equal to φ ≡ arg(q/p) and A Γ is independent of the final state. Under this approximation, both CP V in the mixing and in the interference can be described by a single parameter, leading to the relation x(|q/p| − 1) = yφ [18] [19] [20] , which can be used to overconstrain the global fits to the charm CP V parameters [15] .
Since the most recent SM predictions for A Γ are about 3 × 10 −5 [21] , measuring a nonzero value of A Γ at the current level of precision would indicate the presence of new phenomena beyond the SM. In addition, increasing the precision of the measurement of A Γ is also important to measure the value of the CP V in the decay from the measurements of the time-integrated asymmetries, as can be seen from Eq. (1) 
where A D and A P indicate the detection and the production asymmetry, respectively, and terms of order three or higher in the asymmetries are neglected. Owing to correlations between the momentum and the decay time which are caused by the selection requirements, momentum-dependent detection asymmetries of the tagging π + and possible momentumdependent production asymmetries of the D * + meson cause detector-induced time-dependent asymmetries that bias the measurement of A Γ by a quantity larger than its statistical uncertainty. These asymmetries are corrected for weighting the 3D momentum distributions of D 0 and D 0 candidates to their average. As a side effect, this causes a dilution of the measured value of A Γ to 88% of its true value. The results are corrected to account for this scale factor, which is estimated through a data-driven approach.
Secondary decays, where the D * + meson is produced in the decay of a b hadron, are a dangerous background since their production asymmetry is different from that of primary decays and their fraction in the data sample increases as a function of time up to values greater than 10%. As a consequence, they would bias the measurement of A Γ if they were The main systematic uncertainty on the measurement is due to the uncertainty on the knowledge of the fraction of secondary decays at low decay times. This is evaluated repeating the TIP fits with different resolution functions and constraining the fraction of secondary decays to that obtained in simulation or inferred using a sample that combines D * + with µ − candidates, which is highly enriched in secondary decays. Thanks to the improved analysis procedure, this uncertainty, which corresponds to 0.4 × 10 −4 , is more than halved with respect to that of the previous LHCb measurement with 2011-2012 data [23] . Further contributions to the systematic uncertainties are due to The fits to the time-dependent asymmetry are displayed for both decay channels, after the kinematic weighting and the subtraction of secondary decays, in Fig. 4 . The measured values of A Γ are
where the first uncertainties are statistical and the second systematic. Neglecting weak phases in the decay [2, 17] , the two values can be combined with each other and with the results of the previous measurement from LHCb that used D * + -tagged data collected during 2011-2012 [23] , obtaining
This result is compatible with the hypothesis of no CP V and dominates the uncertainty of the world average of A Γ [15] .
IV. CONCLUSIONS AND PROSPECTS
The LHCb experiment has provided the most precise measurements to date of the parameters of mixing and time-dependent CP V in charm thanks to the huge data sample of charm decays collected and to a tight control of the systematic uncertainties. In these two specific fields, the achieved precision is already comparable or even better that that foreseen by the Belle II collaboration at the end of the Belle II data taking [25] .
While there is evidence that both the width and the mass split of the charm neutral mesons are nonzero, the SM predictions for time-dependent CP V are still one order of magnitude below the current experimental precision. In the long term, the Upgrade I (2021-2029) [26] and the proposed Upgrade II (2031-2038) [27] of LHCb will be essential to test these predictions. However, a significant increase in precision is expected already in the very near future thanks to the steady increase of the size of the LHCb collected data sample over the past few years and to the new measurements of the strong phases of D 0 -meson decays foreseen by the BESIII collaboration, which will help to keep the systematic uncertainty on the mixing parameters below the statistical one. For example, about 30 times more D 0 → K 0 S π + π − decays were collected by LHCb during 2015-2018 with respect to those of 2011-2012 that are exploited in the analysis presented in Sect. II. As far as two-body decays are concerned, the data collected during 2017-2018 correspond to an integrated luminosity of about 3.8 fb −1 , to be compared with 1.9 fb −1 collected during 2015-2016 and used in the measurement of A Γ presented in Sect. III and in the latest measurement of mixing and CP V in D 0 → K ± π ∓ decays [10] .
